The paper is devoted to new trends in dispersive control techniques for ultrafast light emission. Acoustooptical dispersive delay lines for controlling the spectral components and phase composition of ultrashort laser pulses are considered. The method of super high frequency modulation of chirped femtosecond laser pulses is proposed. Theoretical approach to dispersive pulse shaping is supported by the experiments.
Introduction
Currently, high power femtosecond laser systems can produce extremely high intensities required for many applications in physics, chemistry, medicine, industry etc. [1, 2] .
Wide range of applications require ultrashort Fourier-transform-limited (FTL) at-phase pulses without pedestals or pre-pulses and having high contrast ratio [2, 3] .
Typical architecture of a high-power laser system consists of a master oscillator, a stretcher, an amplication chain, and a compressor. Even though femtosecond master oscillators usually generate FTL laser pulses, it is practically impossible to obtain pulses with at spectral phase after amplication and compression. All the elements of the optical path possess higher-order optical dispersions and spectral dependence of throughput that leads to the spectral phase violation of seed femtosecond pulses and amplitude spectral distortions in the optical ampliers [24] . The stretcher-compressor pairs are designed to compensate for the group delay dispersion, however controlling of higher-order dispersions is hardly possible [5] .
The most ecient solution to the problem of spectral phase and amplitude distortions is to insert an adaptive dispersive optical device in the optical path of the laser system. That device should perform precompensation for higher-order dispersions and spectrum distortion in the laser system by controlling the spectral amplitude and the spectral phase of the seed femtosecond pulses. [7] .
According to the original concept developed in Ref. [7] , the birefringence of the crystal in which acoustooptical interaction takes place is used for pulse compression. 
Fermann et al. used that concept for spectral shaping of laser pulses [8] . Tournois developed that method for advanced amplitude and phase control of femtosecond laser radiation [9, 10] . Presently, this acoustooptical technique is widely used in femtosecond systems. The further development of dispersive technique was made by Molchanov [11] for CPA and OCPCA laser systems. Nowadays the dispersive acoustooptical methods are demanded in design of femtosecond ber lasers [12] and optical ampliers [11] , adaptive spectroscopy, telecommunications [13] , etc.
This paper is devoted to new trends in the eld of acoustooptical dispersive control of the light emission.
Suppression of spectral transmission function side-lobes is studied as well as spectral coding of broadband ra- is expressed as follows [14] :
Here β is the ratio of the light frequency to the ultrasound frequency dened by the wave vector diagram of acoustooptical interaction.
Pure LFM of ultrasound for transmission function synthesis was rst studied by Magdich et al. in 1980 [15, 16] .
The amplitude of the ultrasonic wave was constant. 
where A(t) is the temporal amplitude sound distribution, f (t) is the temporal frequency (phase) distribution of ultrasound.
Using the inverse Fourier transform, the complex ultrasonic waveform S(t) is calculated providing the desirable transmission function T (ω). The main idea for transmission function synthesis is using quasi-LFM ultrasonic waveforms instead of pure LFM i.e. LFM accompanied with phase and amplitude modulation. Generally, the spectra of incoming light, of ultrasound in the acoustooptical crystal, and of diracted light are described by the complex functions.
According to this approach, sophisticated adaptive spectral apparatus for arbitrary transmission function dispersive synthesis was designed and fabricated (Fig. 2) .
The hardware system includes quasi-collinear acoustooptical devices based on the paratellurite single crystals and electronic control system. The corresponding algorithms and software were also created. The user should simply set the arbitrary prole of the spectral transmission function. 
Transmission function side-lobes suppression and multichannel spectral binary coding
It is well known that suppression of the side-lobes of the transmission function of the acoustooptical lter by means of ultrasound eld apodization better than 18 20 dB is a rather complicated problem in practice. That limits the spectral contrast of the acoustooptical devices.
The ultrasound eld synthesis in the complex domain seems to be ecient instrumental tool for side-lobes suppression and for increase of spectral contrast. For example, side-lobes suppression of the rectangular transmission function can reach more than 24 dB (Fig. 3) .
Moreover, the spectral transmission function shape is very close to the rectangular one having high spectrum rise value more than 26 dB/nm. The spectral width of transmission function at 3 dB level is 2 nm. The intrinsic spectral width of quasi-collinear acoustooptical lter used in the experiment is 0.16 nm at 800 nm in the single frequency regime. The measurements were made using femtosecond master oscillator with 11 fs FTL pulse duration (Femtosource Synergy by Femtolasers GmbH). The master oscillator, stretcher (before amplication chain) and the measurement system after the ampli- Fig. 7 . The chirped laser pulse spectral width (duration) vs. no. of round trips in the regenerative amplier. Upper curve: equalizer is on, lower curve: equalizer is o.
er were the same as shown in Fig. 5 . Equalizer was placed inside the cavity of the regenerative amplier.
It was advisable to use the zero-order beam at the output of the equalizer while the Bragg output was additionally used for controlling emission parameters. The experimental results for the rst 7 round trips are presented in Fig. 7 . In a regular mode of operation without spectral gain control (Fig. 7a ) a steady reduction of the chirped laser pulse spectrum (duration) took place. When the equalizer was turned on, the spectral dip with the width of 3.5 nm was formed in the zero order by the dispersive method. When acoustooptical equalizer was switched on, the pulse spectrum (duration) remained practically unchanged (Fig. 7b) .
Conclusion
The 
